Bile acids regulate gluconeogenic gene expression via small heterodimer partner-mediated repression of hepatocyte nuclear factor 4 and Foxo1.
Bile acid homeostasis is tightly controlled by the feedback mechanism in which an atypical orphan nuclear receptor (NR) small heterodimer partner (SHP) inactivates several NRs such as liver receptor homologue-1 and hepatocyte nuclear factor 4. Although NRs have been implicated in the transcriptional regulation of gluconeogenic genes, the effect of bile acids on gluconeogenic gene expression remained unknown. Here, we report that bile acids inhibit the expression of gluconeogenic genes, including glucose-6-phosphatase (G6Pase), phosphoenolpyruvate carboxykinase, and fructose 1,6-bis phosphatase in an SHP-dependent fashion. Cholic acid diet decreased the mRNA levels of these gluconeogenic enzymes, whereas those of SHP were increased. Reporter assays demonstrated that the promoter activity of phosphoenolpyruvate carboxykinase and fructose 1,6-bis phosphatase via hepatocyte nuclear factor 4, or that of G6Pase via the forkhead transcription factor Foxo1, was down-regulated by treatment with chenodeoxicholic acid and with transfected SHP. Remarkably, Foxo1 interacted with SHP in vivo and in vitro, which led to the repression of Foxo1-mediated G6Pase transcription by competition with a coactivator cAMP response element-binding protein-binding protein. These findings reveal a novel mechanism by which bile acids regulate gluconeogenic gene expression via an SHP-dependent regulatory pathway.